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Is BACKGROUND OF THE INVENTION 

a 

j| Semiconductor devices (e.g.;. flip chips) have rapidly been 

advanced- One important trend of developing semiconductor device 
is the miniaturization of the products by employing high-density 
20 components, HDI, etc. However, the reliability of semiconductor 
«M devices is a challenging topic. Due to the large coefficient of 
thermal expansion mismatch between silicon chips, laminate board 
(i.e., substrate) and solder interconnects, failure of the 
semiconductor devices is a major concern. In order to improve the 
25 reliability of the semiconductor devices, underfill encapsulants 
have been developed to reinforce physical, mechanical and 
electrical properties of the solder joints connecting the chip and 
substrate^ which can dramatically enhance fatigue life. They can 
also be used in a variety of organic and inorganic substrate 
30 materials, resulting in ten to hundred fold improvement in fatigue 
life as compared to an unencapsulated package. The new technique 
of underfill encapsulation has been increasingly accepted. 
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However, currently more than 90% of underfill encapsulants utilize 
capillary flow underfill, which relies on the use of capillary 
action to draw the underfill into the gap between the chip and 
substrate of the assembled package to complete the encapsulation 
5 process. There are two main disadvantages to this process: (1) The 
process of reflowing solder bump and the process of underfilling 
and curing the encapsulants are separated/r which result in lower 
production efficiency. (2) The limit of capillary force results in 
the limit of flow distance for underfill materials;, which further 
10 limits the chip size. As such it becomes a production bottleneck. 



Other techniques are also currently in use. "No-flow" underfill 
(see^r for example, US Patent No. 5,128,746) involves applying to 
the substrate surface an adhesive which includes a fluxing agent, 
ai5 applying the chip, and soldering it to the substrate. ("No-flow" 
refers to the fact that the underfill is applied before the 
component is attached. I.e., it does not have to be flowed under 

Ul 

the attached component.) (See Figure 4, herein, for a schematic 
of the no-flow process.) The underfill promotes adhesion of the 
WO solder, while the thermosetting adhesive cures to mechanically 
h% interconnect the chip and the substrate. However, this method is 
very difficult for applying heavily filled underfills. In 
addition, there is a significant difference between the high 
coefficient of thermal expansion (CTE) of unfilled underfill vs. 
25 the parts , further contributing to the poor reliability of the 
system. 



A two-layer no-flow underfill system, described in Zhang et al ("A 
Novel Approach for Incorporating Silica Fillers into No-Flow 
30 Underfill", Proceedings of 51st Electronic Components and 

Technologies Conference, pp. 310-316, (2001)) involves applying a 
coating with no filler to the base layer, followed by applying a 
coating that contains filler, and then applying the component. 
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(See Figure 5, herein, for a schematic of the process.) However, 
this multiple deposition process is difficult to handle. It 
results in high production costs and may lead to large differences 
in CTE. 

5 

A molded underfill method, in which the gaps between the chip and 
substrate are filled using as much as 70-90% filler, and the whole 
chip is encapsulated, is discussed in US Patent Nos. 6,^038,136 and 
6,157,086. Another system wherein underfill is predeposited onto 

10 a wafer before the wafer is cut into chips is proposed in WO 

99/56312. In this method, it will be difficult to eliminate the 
air bubbles between the underfill and the substrate during the 
flip chip mounting stage, which could lead to poor adhesion of the 

□ underfill . 



All of the existing techniques have one or more of the following 
if!f negatives: 

'"^^ 1. The silica fill interferes with getting a good solder joint, 
M and there is a high solder defect level. 

So 2. Depending on the size of the chip, when capillary flow 

j»n underfill (i.e., underfill which flows under the chip by relying 

^ on capillary action) is added after the soldering is completed, 

the flow is frequently limited by the capillary forces. 

3. The techniques are not high volume, low cost processes. 

25 



BRIEF SUMMARY OF THE INVENTION 



A new method has been developed to provide underfill to chips 
30 mounted on substrates. First, an underfill is dispensed on the 
substrate. Second, the bumps of the chip are dipped in a flux 
that does not contain filler. Third, the chip that has been 
dipped in a tacky thermosettable flux is placed on the substrate. 
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and fourth^ the chip is soldered to the substrate^- and 
simultaneously the underfill is cured. This process eliminates 
the interference on solder joints caused by the presence of 
filler in filled no-flow underfill. In addition, the fluxing 
5 property of the flux allows the use of underfills with emphasis 
on curing and mechanical properties instead of fluxing 
performance. Accordingly, a mounted device with reliable solder 
joints and underfill encapsulation is obtained. 

10 

BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 shows an x-ray image of joints showing good wetting 
(i.e., good soldering), obtained via the novel procedure, where 
the x-ray is taken when the substrate is inclined at a 45° angle. 

Figure 2 shows an x-ray image of bumps before soldering takes 
place, where the x-ray is taken when the substrate is inclined at 
a 45^ angle. 

Figure 3 shows the x-ray image from the former processes, where 
some joints are acceptable and some are unacceptable. 

Figure 4 shows a schematic of a no-flow underfill process. 
25 

Figure 5 shows a schematic of a two-layer no-flow underfill 
process . 

Figure 6 shows a schematic of the novel method disclosed herein. 

30 

DETAILED DESCRIPTION OF THE INVENTION 
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A new method has been developed to provide underfill to chips 
mounted on substrates. (See schematic in Figure 6.) First, an 
underfill is dispensed on the substrate. Second, the chip is 
dipped in a tacky thermosettable flux that does not contain 
5 filler. Third, the chip that has been dipped in the flux is 

placed on the substrate, and fourth, the chip is soldered to the 
substrate, and the underfill is cured. This process eliminates 
the negatives from the former processes and is compatible with 
high-speed production processes. 

10 

By tacky thermosettable flux, we mean a flux which is flowable 
before reflow, provides good flux properties (e.g., removal of 

Mi oxides, etc.), and, after reflow, is cross-linked to form a 

thermosetting polymer. Examples of tacky thermosettable flux 

W5 include epoxy fluxes, polyimide fluxes, polyacrylate fluxes, 

polyurethane fluxes, and combinations thereof. Other polymers 
that perform similarly also can be used^ either individually or in 

•« combination with other such fluxes. 

ig^ This new process is applicable to all types of components, 

p including chip scale packages, flip chips, and these terms are 

used interchangeably in this application when describing the 

process . 

25 a. Types of underfill 

This new method can be used with either filled or unfilled types 
of underfill. It had been found that use of filled underfill 
often led to poorly formed joints, since the silica or other fill 
material in the filled underfill contributed to the poor formation 

30 of the joint. Although unfilled underfill might have resulted in 
improved solder joints than the filled variety, use of the 
unfilled version still led to frequent failures, since unfilled 
systems relied on flux mixed with the underfill, and the flux was 
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often incompatible with the underfill- {I.e., they did not mix 
well nor did they wet the surface well.) 

With the new process, however, use of either filled or unfilled 
5 underfill leads to well-formed solder joints, combined with good 
mechanical properties of the underfill. One important factor in 
getting good solder joints is that the solder wets well both 
surfaces to be joined. The devices formed using the new process 
are reliable (i.e., last for a long time). 

0 

b. Method of dispensing underfill 

A typical dispenser machine can be used to dispense the no-flow 
underfill onto the printed circuit board substrate. One example 
of such a machine is Asymtek, model C-708 AICE, but any similar 
machine can be used (such as the Asymtek, model C-702) . In 
addition, particularly for mounting small batches of chips, the 
underfill can be manually applied by syringe dispersing. Any tool 
which can dispense a defined amount of underfill onto a substrate 
can be used. 

Any machine which can pick up a component, align it and make a 
thin film epoxy flux should be usable for dipping the chip in 
epoxy flux and mounting the chip onto the substrate. One example 
is a Flip Chip Placement System Model 850, made by Semiconductor 
5 Equipment Corp . 

c. Compositions of ingredients 

Flux: The viscosity of the flux used should be comparable with or 
higher than the underfill to be used. The viscosity range of flux 
0 depends on the viscosity of underfill. Several examples of flux 
that can be used are pk-001 and pk-002, which are made by Indium 
Corporation. Other comparable fluxes can also be used. 
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Examples of flux/underfill systems and their viscosities are as 
follows. It should be noted that the viscosity of the flux can 
range from approximately 1 - 100,000 times the viscosity of the 
underfill, preferably 1 - 100, and more preferably 3-60 times 
5 the viscosity. 

Flux / underfill Viscosity of flux/underfill 

Pk-001 flux / (NFUF-XOOl) 30,000 cps/5,000 - 8,000 cps 

10 

Pk-002 flux / (NFUF-X002) 270,000 cps/5,000 - 8,000 cps 



Solder: A typical solder that can be used is 63Sn37Pb (63% Sn and 
37% Pb) or 95.5Sn3.8Ag0.7Cu (i.e., 95.5% Sn, 3.8% Ag and 0.7% Cu, 

which is Indalloy 241 made by Indium Corporation) . However, other 
solders can be used, so long as flux and underfill are properly 
chosen. 

Underfill: a typical underfill used for flip chip or chip scale 
package (CSP) assembly can be used, such as NFUF-XOOl or NFUF-X002 
made by Indium Corporation. 

25 d. Soldering component to substrate 

The metal area on the substrate is called a pad. All of the pads 
on the substrate form the footprint for the substrate. The chip 
is a component with peripheral or area array patterned solder 
bumps at the bottom side of the chip. During chip mounting the 

30 bumps are melted to allow the connection to the substrate to form 
solder joints. The techniques used for soldering the chip to the 
substrate can be any of the techniques used in the past or 
developed in the future. (See, for example, "Surface Mount 
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Technology" by Carmen Capillo, McGraw Hill, 1990, for general 
information about this subject.) 

e. Details of method of invention 
5 The following describes the new method: 

A flip chip or component was picked up and dipped into the well- 
defined thickness of tacky thermosettable flux, which was 
contained in a motorized flux tray. If necessary, the flux 
could be warmed up by adjusting the temperature of the flux tray 
10 to be certain that the flux is at the proper temperature for 
wetting the solder bumps. In order to produce an accurately 
bonded part, the solder bumps and substrate pads must first be 
. , properly aligned by using flip a chip placement system, such as 

Flip Chip Placement System Model 850. The alignment must be such 
45 that the substrate pads are pointed to the corresponding solder 
:;j bumps, and the rows of solder bumps and substrate pads are 
X". parallel. After alignment, filled no-flow underfill was 
y dispensed onto the substrate, and then the component (flip chip) 
H was placed on the footprint of the substrate. The resulting 
|2=p device was reflowed by passing it through a reflow oven using a 
defined curing profile. 

Variations of the process are possible. For example, the flux 
can be applied to the bumps either before or after the underfill 

25 is applied to the substrate. In general, the curing of the 

underfill can take place at the same time as the solder joint is 
formed (for example, if the device is placed in a convection 
oven) . Alternatively, the steps can be performed separately, 
which would occur if the solder joint was formed in a step 

30 separate from the complete curing of the underfill. The 
ref low/curing process can be conducted under air, inert 
atmosphere, reducing atmosphere, or hot vapor. 



-8- 

ATTORNEY DOCKET NO. INDUM-108XX 
WEINGARTEN, SCHURGIN, 
GAGNEBIN & LEBOVICI LLP 



f . Analysis of the resulting device 

X-ray of the resulting joints is useful to determine if the 
solder joints are acceptable. The results showing good solder 
joints are shown in Figure 1. (Note that Figure 2 shows bumps 
5 on the chip before soldering takes place.) As can be seen in 
these figures, the X-ray should be taken when the substrate is 
tilted at a 45 degree angle. If the X-ray shows that the 
resulting X-ray image of a given joint is round, the joint is 
not good quality. If, however, the image is elliptical, the 

10 joint is formed and is good quality. It is important to analyze 
all of the joints, since, prior to this invention, the results 
were inconsistent, with some joints being acceptable and others 
not. (See Figure 3, where the x-ray of some joints is round 
(unacceptable joint) , while some are elliptical (acceptable 

015 joint)). 

o 

=4? other analytical techniques are also possible. For example, a 

111 

m daisy chain can be used to test electrical continuity . In 

addition, an acoustic microscope can be used to check reflow 
W) images. 

The following examples are intended to illustrate, not limit, the 
invention. 

25 

Example 1: Apparatus for dispensing underfill 

The Asymtek Model C-702 dispensing machine was set up with 
suitable condition. The dispensing pressure was generally in the 
30 range of 10 to 15 psi, which depends on the viscosity of the no- 
flow underfill, and a syringe assembled with a # 23 needle 
containing no-flow underfill was installed onto the this machine. 
Before the chip is connected to the substrate, a suitable amount 
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of no-flow underfill was dispensed onto the center of the 
footprint of the substrate. 



Example 2: Manual application of the underfill 

5 

A no-flow underfill was transferred into 10 ml syringe, assembled 
with a #23 needle and a plunger, and degassed. Then a suitable 
amount of no-flow underfill was manually dispensed onto the center 
of the footprint of the substrate. 

10 

Example 3: Soldering the joints 



j^^.. A component with 63Sn/37Pb solder bumps was picked up using a 

Q Flip Chip Placement System Model 850 dispensing machine and 

a|5 dipped into a 2 mil layer of Pk-001 epoxy flux, which was 

jj? contained in a motorized flux tray. If necessary, epoxy flux 

'M could be warmed up by adjusting the temperature of the flux tray 

.g to be certain that the flux is at the proper temperature for 

f" wetting the solder bumps. In order to produce an accurately 

i.SP!K 

&0 bonded part, the solder bumps and substrate pads must first be 

m 

properly aligned by using a flip chip placement system^ such as 

•53; I 

M Flip Chip Placement System Model 850. The alignment must be such 
that the substrate pads are pointed to the corresponding solder 
bumps, and the rows of solder bumps and substrate pads are 

25 parallel- After alignment, filled no-flow underfill was 
dispensed onto the substrate using an Asymtel Model C-708 
dispenser, and then the component (flip chip) was placed on the 
footprint of the substrate. The resulting device was ref lowed 
by passing it through a forced air convection oven, for 

30 example, BTU VIP 70, using a defined curing profile. For 

example, a profile ramping up linearly from room temperature to 
220 °C at ramp rate of 1 °C/ sec, then cooling down at a ramp 
rate at 2 °C/sec. 
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ATTORNEY DOCKET NO. INDUM-108XX 
WEINGARTElv, SCHURGIN, 
GAGNEBIN & LEBOVICI LLP 



Example 4: Testing the joints 



After reflowing, a daisy chain electrical continuity tester 
5 (Digital^ Multimeter DMM 3200) was used to evaluate the 

acceptability of the joints. If 100% yield is obtained;- the 
product is further checked to determine whether the resistance 
value is acceptable or not. 

10 Alternatively, X-ray (e.g.^ ElectroniX V.J. -2000) or acoustic 
microscopy (C-SAM® D-6000) can be used to check their reflow 
images to control the quality of the reflow process. 

p Those with expertise in this area will recognize that variations 

from the invention described herein are contemplated to be within 
g| the scope of the invention. 

\n 

I si 

m 
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